AD=AOBA 713  WYOMING UNIV LARAMIE DEPT OF PHYSICS AND ASTRONOMY F/6 3/%
INFRARED STUDIES OF AF6L SOURCES. (U}
APR 80 R D 6FEHRZr J A HACKWELLs 6 L GRASDALEN Fl%za-'rs-c-nzu
UNCLASSIFIED AFGL=-TR=79-0274

1 |
ABhus




D N
L \.ﬁ% L g

T g

e E,éf';-, -

e L G

s

-

ADAO8S84713

"
Lo

LEVEY

INFRARED STUDIES OF AFGL SOURCES

AFGL-TR-79-0274

Robert D, Gehrz
John A, Hackwell
Gary L. Grasdalen

The University of Wyoming
Department of Physics and Astronomy
Laramie, Wyoming 82071

Final Report
September 1976 - September 1979

14 April 1980 V

This research was supported in part by the Air Force In-House
Laboratory Independent Research Fund

Approved for public release; distribution unlimited

AIR FORCE GEOPHYSICS LABORATORY
AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE

HANSCOM AFB, MAFSACHUSETTS 01731

PHIS DOAUMENT 18 BEST QUALITY PRACTICABLEA
THE OUPY FURNISHED T0 DDC CONTAINED A /
SISNIFICANT NUMBER OF PAGES mmn

MEPRODUCE LEGIREKs

————

&



o L bk g

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT |
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

m-mm nqucgou mﬁmm addttian:l copiu ttr:mnt‘hr ndcan
Docementation others should a to the ional
“!Mﬁ wm Service. aad




SECURITY CNCATION OF THIS PAGE (When Data Entered)

&qnﬁom DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORY 2. GOVT ACCESSION NO.

AFGL[ -[ TR —79 = 0074 A0%4 7L3

3. RECIPIENT'S CATALOG NUMBER

. T Sul . ,

4
[
(A _I_NFRARED STUDIES OF AFGL SOURCES .
e

[V re e e —— < B ———

$. TYPE OF REPORT & PERIOD COVERED

Final epﬁr't. 76-9/79

__ROBERT_D./GEHRZ

:J.QI’N_A - /HACKWELL
ARY ./ GRASDALEN

/gﬁﬂMlNG 0G. REPJOFE*UMBER 7 ’

b

/’ﬁmszs ~76 —C —/627.1?-

Hanscom AFB, Massachusetts 01731
Monitor/Stephan Price/OPI

9. P AND ADDRESS 1'0. PRgGRAM ERLEMENT.PROJECT, TASK
The Un1vers1ty of Wyoming J ‘2" A]&F“ KUNIT NG aven i
Department of Physics and Astronomy ~ 767 /‘7 CZT<23
Laramie, Wyoming, 82071 /L B afiShanl NE)
11, CONTROLLING OFFICE NAME AND ADDRESS 12
Air Force Geophysical Laborotory, AFSC 14 AprSENERP

“PAGES

57

14. MONITORING AGENCY NAME & ADORESS({f ditterent from Controlling Otfice)

15. SECURITY CL ASS. (of this report)

Unclassified

15a. ?gCLgSSIFICATION/DOWNGRAD'NG

16. DISTRIBUTION STATEMENT (of this Rapor‘q—]

JUTDTRNEUT S

Approved for public release; distribution unlimit

ed

same as above

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

Laboratory Independent Research Fund

This research was supported in part by the Air Force In-House

13. KEY WORDS (Continue on reverse side if necessary and identlly by block number)

Infrared Astronomy, AFGL Sources, Sources of Galactic Radiation

-
ZNABSTRACT (Continue on reverse side If necessary and identify by block number)

The data acquired during the past three years fiim a promising base upon
which to build a statistically complete analysis of the infrared objects
populating our galaxy. Wyoming observations have also provided insight
into the nature of new, and in some cases bizarre, classes of infrared
sources which were discovered by the AFGL infrared survey. Many of these
objects appear to represent important phases in the ongoing process of

stellar birth and death.
DD , 5% 1473 eoimionoF |Nov4koasou*re

SECURITY CLASSIFICATION OF THIS PAGE (When D.uﬁqw
' LA AN
~40T 8 3°




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

SECURITY CLASSIFICATION OF Tu'® PAGE(When Dats Entered)




IT1.

Figures
Appendix A:
Appendix B:

TABLE OF CONTENTS

Data Acquired During the Program

Reprints of Publications




——yw

I. Summary

Since 1 July, 1976, the lyoming Infrared Group has been under contract
by Air Force Geophysical Laboratories (AFGL contract #F19628-76-C-0271)
to conduct a continuing series of ground based infrared measurements of
selected sources from the AFGL Infrared Catalog (Price and Walker, 1977).

The data acquired during the past three years form a promising base
upon which to build a statistically complete analysis of the infrared
objects populating our galaxy. It is clear that additional measurements
are required to complete this task. Wyoming observations have also pro-
vided insight into the nature of new, and in some cases bizarre, classes
of infrared sources which were discovered by the AFGL infrared survey.
Many of these objects appear to represent important phases in the ongoing
process of steller birth and death. Further ground based studies of these
sources can be expected to clarify their role in the timeless scenario of

stellar evolution.

We summarize in section Il the accomplishments made under contract

AFGL F19628-76-C-0271. The Appendices contain listings of data acquired
during this program and reprints of publications that have resulted to

date.




IT. Accomplishments During the Past Three Years

During the contract period, measurements of AFGL sources were made with
Ga - Ge bolometer photometers constructed with AFGL funds. These photometers
respond at effective wavelengths of 2.3, 3.6, 4.9, 8.7, 10, 11.4, 12.6, 19.5,
and 23u and are equipped with helium cooled aperture wheels. Observations
were obtained using the KPNO 50" telescope, the UM-UCSD 60" telescope and
(since November, 1977) the 92" Wyoming Infrared Telescope. About 30% of the
clear time available at the Wyoming Infrared Observatory (WIRO) was used in
support of measurements for AFGL. AFGL funds supported, in part, the
construction of the data acquisition electronics hardware for the Wyoming
Telescope.

About half of the 1000 AFGL sources in the Wyoming Right Ascension zone
(ZOm - 40m) and accessible f .a Wi have 2ither been searched for at 5, 10,
or 20u without confirmation or have been located and measured from 2.3 - 23;.

These data have led to several interesting results.

A. Completeness of the AFGL Catalog and the Composition of the Infrared Sky

The data sample acquired to date allows us to form some preliminary
conclusions regarding the completeness of the AFGL Infrared Catalog and the
infrared composition of the sky.

Cross-correlation of ground based magnitudes and AFGL magnitudes using
our limited sample suggests that the AFGL catalog is complete to [4n] = +1.3,

[11u] = -1.5, and [204] = -4.0. Using these wagnitude limits to eliminate

spurious sources, the AFGL objects we have surveyed appear to fall into two
distinct populations. The first is a component which was detected by AFGL
at 4y only. Sources in this group have a high rate of successful cross identi-

fication with IRC and SAQ stars as well as a rather small wmean [4.9] - [11.4]




colnr of ~0.5 [see figure la)]l. Thus, the "4u only" sources are probably
associated with the normal cool stellar giant-supergiant populations in the
galaxy.

The second population consists of sources detected by AFGL at 11y and/
or 20u. _Not only are there many more of these sources than there are "4u

only" sources at a given limiting magnitude but they tend to have extreme

[(4.9] - [11.4] colors [see figures 1b) and 2a) and b)]. We infer that a new
i population of very red (and/or cool) sources which contributes only margirally
to the 4p survey is present. Photometry of a selected sample of these
"long A" sources (see figures 3 and 4) suggests that a significant percentage
of them may be associated with critical phases of star birth and death {Gehrz
and Hackwell, 1976; Gehrz, Hackwell and Briotta, 1978; and Gehrz et al., 1979).

B. Studies of Peculiar Sources

We have made continuing observations of selected peculiar sources to

achieve insight into their physical nature. A number of anonymous 10u

sources are currently being monitored for variability. At least one, GL 3099,
\ appears to be a very large amplitude, long period, carbon rich variable
: (Gehrz, Hackwell, and Briotta, 1978).
GL 2636 has been shown to be a complex of new-born infrared stars in a
region of possible shock-front induced star formation (see Gehrz et al., 1979).
The data obtained to date form a solid foundation upon which to build

the important new observing programs which we propose in section III.
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! Figures

Figures 1a) and b): [4.9] - [11.4] color index versus number of sources for
the "4y only" and "Tong A" populations.
Figures 2a) and b): Number density of sources versus limiting magnitude for
: all sources (a) and the "long A" populaticn (b). A

uniform source distrubution would give a slope of 0.6.

Figure 3: Five anonymous AFGL sources.
1
Figure 4: The spatial energy distribution of AFGL 2636 at four
- l wavelengths.
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APPENDIX A
Data Acquired During the Program

11-19-78 UT
0BJECT AM BEAM GL# 2.3p 3.6u 4.9u 8.7p 10u 11.4u 12.6u 19.5p 23u
Nova Cyg 78 1.18 1.5mm +5.66 +3.70 +2.74 +2.06 +2.06 +2.02 +1.86 +2.14
RTLAC 1.27  1.5mm +6.00 +5.91 +5.91 +5.92
R PSC 1.33  1.5mm 226 +2.30 +1.66 +1.36 +0.78 +0.55 +0.22 +0.30 -0.06 +0.30
R FOR 2.6 1.5mm 337 + .90 -0.20 -0.75 -1.80 -1.80 -2.30 -2.00 -1.86
BABY STAR 1.06  1.5mm +7.09 +4.93 +3.64 +2.20 +1.92 +1.75 +1.10 -1.55 -2.57
BABY STAR 1.17 3 mm +6.89 +4.79 +3.44 +1.95 +1.68 +1.53 +0.71 -1.63 -2.76
CQ Aur 1.02  1.5mm +6.48 +6.46 +6.27 >+6.33
S CMi 1.20 T1.5mm 1138 +0.56 -0.05 -0.16 -0.71 -0.94

11-21-79 UT
OBJECT AM  GL# VAR 2.3u 3.6u 4.9u 3.7u 10u 11.4u 712.6u 19.5u 23u
OH45.5-0.0 1.65 +8.41 +4.89 +3.19 +1.46 +1.26 +0.90 +0.59 -0.36 +0.34
OH42.3-0.2 2.10 +7.78 +4.64 +1.44 +1.32 +1.61 +0.24 -0.79 -1.28
BAnd 1.04 -1.95 -2.09 -1.89 -2.05 -2.04 -2.14 -2.06 -2.07 -2.09
SV AGR 1.70 3083 +1.22 +0.86 +0.79 +0.36 +0.09 -0.40 -0.29 -0.84 -0.37
GL 3086 2.28 3086 +1.25 +1.19 +1.12 +1.16 +1.25 +1.05 +1.47
GL 3093 2.35 3093 +0.90 +0.95 +0.91 +0.72 +0.91 +0.67 +0.71
GL 3087 1.11 3087 +1.59 +1.43 +1.55 +1.70 +1.62 +1.55 +1.68
GL 3090 1.13 3090 +0.71 +0.50 +0.75 +0.55 +0.57 +0.45 +0.55 +0.28
GL 3107 1.12 3107 +2.03 +1.83 +1.91 +1.77 +1.85 +1.61
BAnd 1.01 -1.88 -2.08 -1.87 -2.03 -2.07 -2.14 -2.04 -2.14 -2.1
UX ARI 1.06 +3.74 +3.56 +3.61 +3.54 +3.54 +3.39 +3.66
HR 1099 1.33 +3.14 +3.00 +2.94 +3.04 +3.03
GL 606 1.10 606 TCAM  +0.61 +0.24 +0.41 +0.01 -0.02 -0.21 -0.17 -0.42 -0.03
BZTAU 1.22 619 +2.39 +1.65 +1.21 +0.65 +0.28 -0.13 -0.17 -0.9




12-27-78 UT

TR

B

OBJECT AM  GL# 2.3 3.6u 4.9u 8.7u 1M.4u 12.60  19.54  23u
Nova Cyg 73  1.69 +7.57 +5.54 +4.57 +3.06 >+1.87
SW_MON 1.24 +2.89 +2.66 +2.66 +2.40 +2.21 +1.93 +1.41
CRGEM 1.15 +1.44
5-16-79 UT
OBJECT AM  GL#  2.3u 3.6 4.9u 8.7 .4y 2.6 19.5u0  23u
GL 1686 1.56 1686 +2.49 +1.48 +0.99 -0.54 -0.95 -1.88 -1.68 -2.64
GL 1822 3.2 1822 +3.09 +1.22
OH 35.6-0.3 1.5
7-26-79 UT
OBJECT AM  GL# 10u
(N)

al YR 1.00 +0.07

GL 2154 1.53 2154 -2.23

GL 2155 1.08 2155 -2.60

GL 2174 1.68 2174 -0.29

al YR 1.07 -0.06

GL 2350 1.25 2350 -1.50

GL 2789 1.01 2789 -1.14

GL 3099 1.20 3099 -2.06




7-27-79 UT

OBJECT AM GL# 2.3u 3.6u 4.9 8.7y W0p  11.4u  12.6u 19.50 23u ]
\

ol YR 1.25 -0.02 -0.03 +0.05 -0.02 -0.04 -0.03 -0.05 -0.07 ‘

GL2350 1.64 2350 +3.66 +0.90 +0.95 -0.81 -1.28 -1.69 -1.69 -2.37 ‘

GL2316 1.92 2316 +5.89 +2.75 +1.44 -0.25 -0.52 -0.81 -1.11 |

GL2290 2.21 2290 +5.76 +1.94 +0.51 -1.46 -1.61 -1.81 -2.31 -2.29 j

GL2428 1.39 2428 +5.04 +2.82 +1.69 +0.39 +0.11 -0.11 +0.01 -0.24 ‘

oL YR 1.77 -0.05 -0.03 +0.02 -0.08

gPEG 1.06 -2.25 -2.45 -2.37 -2.47 -2.57 -2.57 -2.69

GL2789 1.17 2789 +4.94 +2.42 +1.04 -0.57 -1.03 -1.18 -1.73 -2.75

GL3099 1.23 3099 +6.50 +2.63 +0.60 -1.57 -1.97 -2.26 -2.42 -2.80  -3.22

GY37,HII#]1 1.16 +4.14

8-30-79 UT
OBJECT AM GL# BEAM, 2.3y 3.6u 4.9u 8.7p 10p 11.4p 12.6p 19.5s 23u
THROW

alLYR 1.01 5",10" -0.03 -0.03 -0.05 -0.05 -0.02 +0.02 +0.05

GL1954 2.21 1954 " 42,82 +1.88 +1.44 +0.32 -0.20 -0.81 -0.71 -1.17

GL2023 2.75 2023 "o 45,35 +1.77 +0.25 -1.54 -1.80 -2.25 -2.52 -1.87

VSGR 1.84 "ot 42,35 +1.10 +0.36 -0.56 -1.37 -1.49

alYR 1.01 " " -0.01 -0.01 -0.08 -0.02 -0.03 -0.06 -0.06

HD200775 1.14 5",7.3 +4.64 +3.47 +2.91 +1.98 +1.76 +1.49 +1.42 +0.75

HD200775 1.1u 5",23"  +4.66 +1.76 +0.41

6L2192 2.88 2192 5",10" +2.65 +1.47 +0.88 -1.18

GL2425 2.58 2425 N 42,48 41,71 +1.13 -0.86 -1.49

V337AQL  2.05 o 47,62

GL2290 1.90 2290 "t 45,82 +1.88 +0.30 -1.61 -1.91

GLZ2316 1.83 2316 " 45,83 +2.83 +1.34 -0.45 -0.86

BLYR 1.49 M 42,90 +2.73 +2.56 +2.37 +2.17

alYR 1.56 " 40,02 +0.02 -0.11 -0.02 -0.02 -0.15 -0.14

BPEG 1.03 N L2025 -2.49 -2.24 -2.46 -2.52 -2.60 -2.64 -2.80

V448CYG 1.00 "M +7.06 +7.00 +6.19

GL2428 1.66 2423 " 44,90 +2.65 +2.01 +0.58 +0.14 -0.26 -0.02

GL3099 1.29 3099 "M +7.08 +2.97 +0.38 -1.68 -2.10 -2.42 -2.57 -3.15

BM CAS 1.12 "M 46,81 +6.11 +6.30
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10-4-79 UT

0BJECT AM GL#  BEAM, 2.3u 3.6u 4.9 8.7u 10mp 11.4p  12.6u 19.5u 23u
THROW

aL YR 1.12 5",10"  -0.06 -0.13 -0.16 -0.12 -0.13 -0.06 -0.07

HD200775 1.13 5,10"  +4.73 +3.62

HO200775 1.14 5",40"  +4.62 +3.60 +2.86 +1.98 +1.71 +1.57 +1.61 +0.55

BPEG 1.03 5",40"  -2.24 -2.41 -2.24 -2.45 -2.49 -2.54 -2.55 -2.78 -2.78

RPEG 1.06 5",10" -2.27 -2.44 -2.25 -2.38 -2.45

GL3099 1.18 3099 5",10" +45.71 +2.03 +0.10 -1.95 -2.22 -2.57 -2.74 -3.15 -3.45

GL2789 1.18 2789 5",10" +4.73 +2.37 +1.01 -0.61 -0.98 -1.21 -1.79 -2.99 -3.43
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Summary of 1977-1978 data
GL# UT DATE 2.3n 3.6 4.9 8.7u  10u 11.4u 12.6u  19.54 23u
1780 04/04/78 +0.14 -0.39 -0.70 -1.13 -1.34 -1.83 -1.81 -2.13
1482 04/04/78 +1.37  +1.17 +0.91 +0.94 +0.91 +0.27 +0.21 -0.02
1868 04/04/78 +0.17 -0.21 -0.33 -0.68 -0.93 -1.84 -1.45 -1.73
1431 04/05/78 +1.74  +1.59 +1.77 +1.68 +1.65 +1.52 +1.50 +1.41
1423 04/05/78 +1.53  +1.16 +1.12 +0.56 +0.42 +0.03 -0.02 -0.25%
1258 04/11/78 +0.09 -0.28 -0.37 -0.78 -0.85 -1.02 -1.13 -1.34 -0.85
1253 04/11/78 +0.96 +0.65 +0.83 +(.27 +0.00 -0.28 -0.53 -0.89
1250 04/11/78 +0.38 +0.10 -0.11 -0.97 -1.62 -2.19 -1.91 -2.57 -2.41
1355 04/11/78 +2.04  +1.82 +1.93 +1.21 +0.80 +0.37 +0.50 -1.01 -1.17
1403 04/11/78 +1.45 -1.55 -3.04 -4.40 -4.62 -5.03 -4.93 -5.05 -5.08
1411 04/05/73 -0.92 -1.06 -0.87 -1.00 -0.98 -1.09 -1.05 -1.10 -0.97
1862 04/19/78 +2.87 +1.90 +1.35 -0.01 -0.58 -1.15 -0.84 -1.92 -1.94
2316 06/11/78 -0.80 -1.40
1274 06/12/78 +3.60 +1.96 +0.94 -0.43 -0.92 -1.48 -1.39 -3.09 -3.39
1686 06/12/78 +3.51  +2.24 +1.57 +0.16 -0.45 -0.85 -0.85 -1.94 -1.92
1642 06/12/78 +0.41 +0.22 +0.42 +0.26 +0.1¢ +0.07 +0.10 -0.19
1643 06/12/78 +0.63  +0.52 +0.79 +0.66 +0.58 +0.65 +0.68 +1.05
1788 06/12/78 -0.92 -1.26 -1.13 -1.48 -1.74 -1.94 -2.02 -2.65 -2.77
1792 06/12/78 +0.81  +0.67 +0.31 +0.72 +0.72 +0.52 +0.51 +0.74
1852 06/12/78 +2.65 +2.57 +2.65 +2.59 +42.57 +2.66
1822 06/12/78 +3.21 -1.05 -1.36 -2.00
2428 06/12/78 +4.86 +2.71 +1.60 +0.35 +0.09 -0.14 -0.217 -0.39
2739 06/12/78 +4.67 +2.25 +0.98 -~0.60 -0.97 -1.26 ~1.75 -2.86
3099 06/12/78 +5.92 +2.19 +40.22 -1.83 -2.13 -2.5 -2.67 -2.95
2425 06/12/73 +2.88 +1.96 +1.34 -0.26 -0.87 -1.44 -1.17 -2.05
2350 06/12/78 +3.96 +1.90 +0.97 -0.66 =-1.25 -1.71 -1.71 -2.53
3099 06/18/78 +5.66  +1.96 -0.11 -2.11 =-2.42 -2.7] -2.90 -3.33 -3.56
2759 06/18/78 +4.43  +2.01 +0.61 -~0.93 -1.31 -1.56 -2.06 -3.51 -4.20
3125 06/18/78 +4.82 +4.49 -0.59 -1.04 -~1.67 -2.23 -1.97 -3.05 -3.30
311e N6/18/78 +2.81 +0.02 -1.64 -~-3.32 -2.60 -3.98 -4.02 -4.7 -5.24
2423 06/22/783 +4.,81 +2.59 +1.44 +0.32 +0.15 -1.18 -0.01
2789 06/22/78 +4.60 +2.22 +0.94 -0.65 -0.95 -1.26 -1.77
2199 06/23/78 +2.42 +0.51 -0.40 -2.20 -2.62 -2.93 -2.94 -4.03
2155 06/23/78 +5.79 +1.66 -0.31 -2.52 -2.88 -3.21 -3.24 -3.85
2154 06/23/73 +5.21 +1.66 +0.09 -1.61 -1.83 -2.14 -2.12
2174 06/23/73 +4.12  +2.63 +1.68 +0.44 -0.22 -0.68 -0.98
2178 06/23/78 +5.09 +1.50 -0.05 -1.77 -2.04 -2.34 -2.39 -2.39
2192 06/23/78 +3.64 +2.02 +1.28 -0.30 -0.80 -1.20 -1.18
2290 06/23/73 +6.05 +1.07 -0.54 -2.36 -2.48 -2.35 -2.50
3099 06/23/78 +5.89  +2.12 +0.19 -1.83 -2.18 -2.50 -2.61 -3.20
1636 03/04/78 +3.59 +2.21 +1.67 +0.32 -0.30 -0.69 -0.45
1993 08/04/78 +0.85 +0.48 +0.75 +0.24 -0.57 -1.1 -0.77
2148 08/04/78 +1.79 +1.06 +0.90 +0.44 -0.01 -0.26 -0.51
1983 08/04/78 +0.98  +0.23 -0.17 -1.34 -2.01 -2.52 -2.26
1922 03/04/78 +6.03  +1.94 +0.00 -2.14 -2.48 -2.92 -2.98
2636 08/04/78  +10.45 +8.35 +6.38 +3.38 +2.87 +2.63 +2.05 -2.80
2636 08/04/73 +7.16  +5.46 +4.217 +2.60 +2.28 +2.12 +1.55
2428 08/04/78 +4.80 +2.59 +1.08 +0.21 -0.04 -0.46 -0.39 -0.39
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Summary of 1977-1978 data (continued)
GL# UT DATE 2.3u 3.6y 4.9 8.7u 10y 1.4y 12.6p 19.54 23y
3099 08/04/78  +5.92 +2.04 +0.10 -1.81 -2.22 -2 - -
2789 08/04/78  +4.60 +2.15 +0.69 -0.68 -1.19 -1:32 -?'gg -g'é;
2290 08/05/78  +4.17 +0.87 -0.72 -2.46 -2.60 -2.85 -3.42 -4.08
2199 08/05/78  +2.50 +0.51 -0.43 -2.17 -2.31 -2.95 -3.03 -3.64
2316 08/05/78  +4.37 +1.52 +0.12 -1.07 -1.26 -1.62 -1.93 -1.87
gggg 82582;;8 +4.45 +2.02 +0.73 +0.78 -0.99 -1.28 -1.97 -2.83
8 +2.35
1686 08/16/78  +3.42 +2.00 +1.61 +0.27 - - - -
3099 08/16/78  +6.47 +2.50 +0.52 -1.62 -g:$? _;jS? -g'gg -g'gg
2789 08/16/78  +4.85 +2.42 +1.13 -0.49 -0.97 -1.24 -1.86 -3.40
211 08/16/78  +2.53 +1.69 +1.35 +0.71 +0.22 -0.09 -0.21
2181 08/17/78  +2.21 +1.87 +2.03 +1.92 +1.66 +1.48 +1.39
2575 08/17/78  +0.10 -0.58 -0.61 -1.66 -2.67 -3.23 -3.24 -3.88
2583 08/17/78  +1.53  +0.97 +0.89 +0.46 -0.02 -0.31 -0.47 -0.62
2538 08/17/78  +0.43 +0.17 +0.35 +0.08 -0.15 -0.28 -0.15 -0.74
2539 08/17/78  +0.99 +0.72 +0.97 +0.56 +0.35 +0.08 +0.25 -0.41
2618 08/17/78  -1.08 -1.43 -1.23 -1.50 -1.63 -1.67 ~-1.81
2754 08/17/78  +2.41 +1.78 +1.74 +1.29 +1.00 +0.78 +0.71 +0.42
2934 08/17/78 +1.81 +1.45 +1.56 +1.17 +0.76 +0.44 +0.38 -0.17
2940 08/17/78 +1.03 +0.78 +1.05 +0.82 +0.46 +0.23 +0.45 +0.15
2943 08/17/78  +0.91 +1.59 +1.80 +1.43 +1.25 +?.99 +1.03 +0.94
3088 08/17/78 +0.43 -0.06 -0.23 =-0.81 -1.04 ~-1.39 -1.3¢ 1.7
3010 08/17/78  +1.09 +0.77 +1.01 +0.64 +0.42 +0.21 *0.21 -0.30
3085 08/17/78  +1.47 +0.80 +0.88 +0.02 -0.24 -0.70 -0.60 -0.34
3110 08/17/78  +2.09 +1.50 +1.55 +0.36 -0.65 -1.13 -1.05 -1.93
3125 08/17/78  +0.32 -0.02 -0.15 -0.58 -1.29 -1.76 -1.54 -2.32
227 08/17/78 +2.13  +1.61 +0.86 +1.48 +1.44 +1.26
335 08/19/78  +1.46 +0.78 +0.47 -0.01 -0.40 -0.78 -0.82 -].35 -1.64
347 08719778  +0.02 -0.31 -0.12 -0.64 -1.15 -1.62 -1.56 -2.57  -2.66
350 08/19/78 +}.88 +1.55 +2.67 +1.26 +0.96 +0.59 +0.51 -0.25
582 08/19/78 +1.46 +0.32 +0.89 +0.14 +0.03 -0.70 -0.37 -0.20
1570 12/20/71  -0.53 -0.87 -0.88 -0.14 -1.51 -1.69 -1.84 -2.36 -2.19
1489 15020077 +0.35 30,20 +0.19 -0.04 -0.26 =-0.47 -0.74 -0.95 -0.92
1719 12/20/77  +0.04 -0.37 -0.42 -0.68 -1.19 -1.55 -1.65 -2.37 -2.40
1720 12/20/77  +0.37  +0.03 +0.29 +0.03 -0.42 -0.82 -0.70 -1.M
748 12721777 +1.61  +0.35 -0.33 -1.26 -1.43 -1.69 -1.54 -1.40
794 12/21/77  +0.66 +0.14 -0.11 -0.81 -1.34 -1.83 -1.78 -2.26
802 12/21/77  +1.24  +0.61 +0.31 -0.19 -0.39 -0.81 -1.11 -1.23
805 12/21/77 +0.99 +0.33 -0.03 -0.57 -1.02 -1.35 -1.46 -1.77
934 12/21/77  +0.93  +0.68 +0.79 +0.29 +0.32 +0.04 +0.11 -0.20
1354 12721777 +1.44  +1.18 +1.24 *0.78 +0.83 +0.34  +0.34
1280 12721777 +0.49 +0.26 +0.35 -0.13 -0.58 -1.04  -1.00 -1.20
1428 12/21/77 +1.07  +0.80 +O.89 +0.24 +0.07 -0.52 -0.62 -0.77
1427 12/21777  -0.40 -0.64 -0.57 -1.12 -0.90 -1.53 -1.63
1488 12/29/77 +1.38  +1.11 +1.17 +0.62 +0.13 ‘0.33 -0.27 -0.93 -1.07
4157 12/29/77  +2.54 +2.01 +1.69 +1.07 +0.86 +0.63 +0.60 +0.35
355 12/30777  +1.13  +0.65 +0.39 -0.06 -0.21 -0.45 -0.43 -0.91  -0.95
505 12/30/77  +0.59 -0.03 *0.23 -0.88 -1.12 -1.50 -1.39 -1.53
945 12/30/77 +1.22 +0.93 *1.01 +0.44 +0.00 -0.40 -0.33 -1.2
583 12/30/77 +0.58 +0.35 +0.44 -0.06 -0.36 -0.74 -0.38 -1.43 -1.40
1120 01721773  -0.50 -0.80 -0.54 -0.95 -1.29 -1.63 ~-1.46 -2.16 -2.42

T




Summary of 1977-1978 data (continued)

GL# UT DATE 2.3u 3.6 4.9 8.7u 10u  11.4p  12.6u 19.54 23y
601 02/17/78 -2.89 -2.96 -2.82 -3.00 -2.99 -3.08 -3.11 -3.10 -3.03
600 02/17/78 +1.54 +0.92 +0.78 +0.29 +0.03 -0.28 -0.55 -0.90 -0.81
761 02/17/78 +1.34  +1.11 +1.30 +0.93 +0.90 +0.68 +0.55 +0.18 +0.3]
937 02/17/78 +2.53  +2.02 +2.45 +1.30 +1.26 +1.13 +0.99
601 02/17/78 -2.87 -3.03 -2.82 -2.96 -2.94 -3.03 -3.04 -3.15 -3.24
788 02/17/78 +0.37 +0.03 +0.00 -0.45 -0.89 -1.27 -1.29 -2.01 -2.27
799 02/17/78 -0.41
1163 02/17/78 +1.16  +0.88 +0.87 +0.51 +0.44 +0.27 +0.31 -0.04
1117 02/17/738 +1.80 +1.49 +1.23 +0.68 +0.33 +0.03 -0.07 -0.52 -0.66
1183 02/17/78 -1.09 -1.1¢ -1.11 -1.23 -1.19 -1.20 -1.18 -1.32 ~-1.30
1281 02/17/738 -0.65 -0.76 -0.81 -1.22 -1.53 -1.84 -1.82 -2.10 -1.99
966 02/17/78 -0.58 -1.05 -0.92 -1.62 -1.75 -2.06 -1.92 -1.94 -2.02
982 02/17/78 +1.70 +0.93 +0.55 -0.31 -0.84 -1.33 -1.33 -1.62 -1.71
991 02/17/78 +1.57  +1.24 +1.34 +0.79 +0.8) +0.60 +0.63 +0.71
998 02/17/78 +2.89  +2.62 +2.42 +1.84 +1.71 +1.49 +1.23 +1.50
1693 02/17/78 -2.73  -2.73 -2.69 -3.00 -3.11 -3.01 -2.83 -2.88 -2.86
1554 02/17/78 -0.99 -1.33 -1.31 -1.64 -1.90 -2.26 -2.34 -2.62 -2.73
1693 02/17/78 -3.04 -3.16 -3.09 -3.29 -3.31 -3.36 -3.31 -3.32 -3.28
1706 02/17/78 -1.95 -2.36 -2.36 -2.90 -3.40 -3.74 -3.95 -4.34 -4.41
1710 02/17/78 +1.30 +0.52 +0.15 -0.63 -0.89 -1.24 -1.30 -1.91 -2.17
1693 02/17/78 -2.99 -3.12 -2.91 -3.02 -2.99 -3.07 -3.15 -3.08 -3.13
1773 02/17/78 +2.66 +1.34 +0.66 -0.74 -1.12 -1.61 -1.59 -2.27 -2.5]1
1858 02/17/78 +0.25 -0.50 -0.76 -1.41 -1.77 -2.16 -2.30 -2.54 -2.59
335 08/20/78 +1.46 +0.78 +0.47 -0.01 -0.40 -0.78 -0.82 -1.35 -1.64
347 08/20/78 +0.02 -0.31 -0.12 -0.64 -1.i5 -1.62 -1.56 -2.57 -2.66
350 03/20/78 +1.88 +1.55 +2.67 +1.26 +0.96 +0.59 +0.51 -0.25
582 08/20/78 +1.46 +0.82 +0.89 +0.14 +0.03 -0.70 -0.37 -0.20
2688 09/26/78 +9.58 +6.91 +3.92 -0.93 -2.35 -3.18 -6.10
1059 09/26/78 +3.43 +1.80 +0.67 -0.74 -1.34 -1.75 -3.53
328 10/07/78 +1.25 +0.20
4044 10/07/73 +2.24 +1.80 +1.83 +1.35 +1.03 +0.92 +0.83
3099 10/20/78 +6.59 +2.54 +0.49 -1.68 -1.98 -2.42 -2.46 -3.05 -3.17
211 11/01/78 +2.25 +1.44 +0.92 +3.31 -0.09 -0.22 -0.35 -1.20 -1.°4
216 11/01/78 +1.63 +1.32 +1.28 +0.76 +0.12 -0.30 -0.05 -1.20 -1.53
327 11/01/78 +1.78  +1.45 +1.51 +1.06 +0.77 +0.54 +0.45 -0.46
332 11/01/78 +1.60 +1.00 +0.74 -0.26 -0.85 -1.42 -1.27 -2.09 -2.32
590 11/01/78 +1.35 +0.78 +0.63 +0.30 -0.01 -0.31 -0.31 -0.40
604 11/01/78 +1.95  +1.77 +1.66 +1.40 +1.24 +1.18 +0.8% +1.06
2636 11/02/78 +3.66
203 11/02/78 +2.78 +2.32 +2.83 +2.62
751 11/02/78 +1.81  +1.47 +1.72 +1.13 +0.74 +0.31 +0.66 -1.01
796 11/02/78 +2.45 +1.65 +1.62 +0.45 +0.52 +0.29 +0.52
341 11/02/78 +8.10 +5.11 +2.33 -0.48 -0.87 -1.16 -1.42 -2.74
482 11/062/78 +5.47  +2.15 +0.42 -1.40 -1.66 -1.94 -1.99 -3.02
928 11/02/78 +1.90  +1.51 +1.47 +0.78 +0.00 -0.55 -0.35 -1.83
4060 11/02/78 +2.44  +2.12 +2.13 +1.78 +1.43 +1.14 +1.11
933 11/02/78 +2.55  +0.93 +0.15 -0.92 -1.02 -1.36 -1.15 -1.86
93% 11/02/78 +5.34  +2.73 +1.40 -0.16 -0.37 -0.78 -0.71 -1.54
1059 11/02/78 +3.53  +1.78 +0.54 -0.80 -1.14 -1.38 -1.76 =-3.75
1108 11/02/78 +0.93  +0.62 +0.70 +0.55 +0.55 +0.47 +0.58
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Summary of 1977-1978 data (continued)
GL# UT DATE 2.3p 3.6y 4.9 8.7u 104 11.4u 12.6u 19.5p 231
1131 11/02/78 +2.28 +0.77 +0.00 -0.82 -1.00 -~1.36 -1.25 -2.30
1169 11/02/78 +1.67 +1.28 +1.28 +0.86 +0.52 +0.18 +0.32
1141 11/02/78 +1.70 +0.58 -0.14 -1.43 -1.86 -2.27 -2.03 -3.56
1253 11/02/78 +0.80 +0.31 +0.41 -0.04 -0.21 -0.56 -0.52 -1.95
3116 11/03/78 +2.51 -0.27 -1.78 -3.27 -3.44
226 11/19/78 +2.30 +1.66 +1.36 +0.78 +0.55 +0.22 +0.30 -0.06 +0.30
337 11/19/78 +1.80 -0.10 -0.50 -1.60 -1.70 -2.10 -1.70 -1.30 -0.70
4029 11/19/78 +6.90 +4.80 +3.40 +2.00 +1.70 +1.50 +0.70 -1.60 -2.80
1138 11/19/78 +0.60 -0.10 -0.20 -0.70 -0.90
3083 11/21/78 +1.40 +1.00 +1.00 +0.50 +0.20 -~0.30 -0.20 -0.60 -0.20
3086 11/21/78 +1.50 +1.40 +1.50 +1.40 +1.40 +1.20 +1.70
309 11/21/78 +1.10  +1.20 +1.30 +1.00 +1.10 +0.90 +1.00
30837 11/21/78 +1.60  +1.40 +1.60 +1.70 +1.60 +1.60 +1.70
3090 11/21/78 +0.80 +0.50 +0.80 +0.60 +0.60 +0.50 +0.60 +0.30
3107 11/21/78 +2.10  +1.80 +1.90 +1.80 +1.80
606 11/21/78 +0.70 +0.30 +0.40 +0.00 +0.00 -0.20 -0.20 -0.40 +0.00
619 11/21/78 +2.50 +1.70 +1.30 +0.70 +0.30 -0.10 -0.10 -0.90
793 12/17/78 +1.01 +0.58 +0.40 -0.05 -0.27 -0.45 -0.82 -1.42 -1.6]
967 12/17/78 +1.97  +1.69 +1.72 +1.50 +1.08 +0.71 +0.22 +0.08
968 12/17/78 +0.25 -0.01 -0.11 -0.37 -0.69 -0.71 -0.8]
970 1¢,17/78 +1.77 +1.53 +1.46 +0.97 +0.59 +0.57 +0.95 -0.22
18 12/17/78 +1.75 +1.28 +0.89 +0.35 -0.19 -0.24 -0.22 -0.9Y -2.02
57 12/17/78 -1.02 -1.49 -1.51 -1.98 -2.31 -2.64 -2.83 -3.26 -2.88
68 12/17/78 +1.53  +1.09 +1.24 +0.78 +0.55 +0.28 +0.32 -0.22
59 12/17/78 +0.52 -0.26 -0.71 -1.77 -2.19 -2.67 -2.70 -3.23
220 12/17/78 +2.58 +2.43 +2.56 +2.38 +2.21 +1.89 +2.28
485 12/17/78 +0.27 +0.07 +0.39 +0.14 +0.15 -0.02 -0.10 +0.79
489 12/17/78 +1.61 -0.29 -1.41 -2.60 -2.75 -3.23 -3.13 -3.35 -3.67
595 12/17/78 +1.56 +0.09 -0.82 -1.75 -1.88 -2.37 -2.25 -2.37 -2.60
4047 12/17/78 +2.46  +2.33 +2.46 +2.62 +2.84 +2.24 +2.46 +1.35
585 12/17/78 +2.88 +0.46 -0.79 -1.97 -2.05 -2.39 -2.69 -2.91 -3.15
746 12/17/78 +2.63 +2.63 +2.32 +1.67 +1.72 +1.11 +0.95 +0.850
791 12/17/78 +2.93  +2.29 +1.31 -0.95 -1.217 -1.77 -1.88 -2.79 -3.16
956 12/17/78 +0.7¢ -0.28 -0.85 -2.21 -2.56 -3.29 -3.08 -3.83 -4.02
955 12/17/78 +3.76 +2.35 +1.48 -0.17 -0.55 -1.21 -1.16 -2.15 -2.23
985 12/17/78 +4.77 +2.52 +0.89
1160 12/17/78 +1.70  +1.60 +1.94 +1.56 +1.56 +1.53 +1.48 +1.18
1249 12/17/78 +1.61 +1.39 +7.68 +1.34 +1.73 +1.04 +1.09 +1.09
1265 12/17/78 +1.69  +1.48
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A SEARCH FOR ANONYMOUS AFCRL INFRARED SOURCES

R. D. Geurz* axp J. AL Hackwrnn®
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ABSTRACT

Ten of 47 anonymous AFCRL infrared sources were conhirmed during o recent search. The con-
firmed sources could represent different stiges in the evolution of a single class of stars. Tt is suggested
that these objects might be related to disk pupulation giants or to planctary nebulac.

Subject heading: infrared: sources

I. INTRODUCTION

A ground -based search for 47 anonymous infrared
sources reported in the AFCRL Infrared Sky Survey
(Walker and Price 1973) was conducted during 1975
October 23-27, using the 1.3 m telescope of the Kitt
Peak Nutional Observatory. The sources selected for
the search have not been identified with any previously
reported optical, infrared, or radio objects.

L FHE SEARCH AND OBSERVATIONS

The search was conducted using a Wyoming mului-
tilter infrared photometer with 117 diameter beams
thrown 21”7 between centers in declination.

The telescope was inttially pointed 1o the AFCRL
posttion of 4 source by offsetting from a nearby hright
star whose astrometric coordinates were obtained {rom
the SAO catalog, An 8 X 8 bov centered en the
AFCRL position of the source was then searched by
scanning the teleseope in declination at a rate of 207
per second. This scanning techmque reduced the false
detection rate due to spurious noise spikes sinee a
characteristic bipolar signal with @ phase determined
by the scanning direction was produced by a cosniie
source traversing the beams in the chopping direction,
Redundaney inspatial coverage was introduced by - tep-
ping the telescope 77 (711 beam diameters) in right
ascension between suesessive dechnation scans,

The 1.1 s integratien time produced by this seanning
technique gave a signal to nofse ratio of ~3 for + 2.3
mag at .94, H0 3 mae ot 10 N handn, and <23
mag at 195 5010 band v Although the majority of the
sources were searched for at 10 4, o few were searchod
for at 494 or 1950 i1 information supplicd O
VECRL oo impiicd o icher Hkelthood of contiema
tion it these waveivngths,

When a eontirmation was obtained, phatometric oo
ordinittes fur the AFORL source were determine) rela
tive to the SAO otfset star,

Broad band infrarcd photometry of the contirmed
sources was obtamed with the Wyoming multinirer

* Visiting Astronomer, Kitt Peak Nation Obeervatory which
1~ operated by the Assocuton of Eoncersitios for Reoanc o
Natronomyy Ine o ounder contract with the Nt Scoenc
L oundation

photometer which responds at effective wavelengths of
235, 3.6 o 490, 87 u 10 4 (N band), 114w, 1260,
1953 4 (O band), and 23w The bandpasses and cali-
bration of the Wyoming photometric system have been
discussed by Gehrz, Hacke el and Jones (19740,

1. RESULTS

Ten anonymous AFCRT. sources were confirmd dier
e our survey, Photoretrie positions, AFCRL pos!
tions, and galactic conmdinates for these sources are
given in Table 1,

The infrared magnitudes of the confirmed sources are
presented in Table 20 Alpha Lvrae (CRL 22080 anid
e T CORE o0 were the calibration stars and the
objec U IRC + 707012 {CRE 107 was observed for com-
parison. Wihere appropriate, blackbody temperatines
and blackbady angular diameters of the zources an
given in colunins (PEand 0125 Fioures Uand 2 <how
the observed energy distributions of the sources Hsred
i Table 1

The 37 anonvinous AVCRE sourves which were not
contirmed by our search are listed i Pable 3

IV, B TOW CONFIRMATION R

We were able 1o confirme ondy a0 small fraction
(~ 20" 2y of the 47 inonvinous CRL sourees in o s
ples Inaddition, our contirmad sotoes are Gt 1
the aalavtie plane and have DA% <0 1170 None o o
23 sources in our sample with 6~ 11 were con
feowed, and T of 24 sources with 210 <011 wen
contirmed rsee Figo 1 Low (1973 reported wosion
contrrmation rate amd cabictie distnbation por e
ent sample of anonvimous sources taken froam o b
liminay version of the NFORL catador,

Our low contirmation rate does nat appear b res
from Leer positional vincertiaunties than have heon
ported for AFCRT, sources by Wadker and Price 11073

Toeir ros (1o positional error Jor known sotrccs o

served i the NFCRL survey s ~ 1050 The pean posi
tional deviations of our contirmaed sources from the
AFCRL positions were only 070 10 declination s
mn 1o amd 00X i it ascension Omandnam 201
Thus o wewonld e ovpected toomd b beast 93 perccnt
of the anonviious sources ioan s = N b,

- -
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TABLE i

Pronoat rrie Posirtons ok CoNFIRMED ANONYMoUs AFCRL INERAKED SOURCES

CRIL CRIL CRL Wyoming Wyoming
No a1V, a(l950,* (1930t /i bl
141} (RO RERIN O1h14e263 + 66”3087 125 4
RE) 022y 22 02 29 21.1 +37 4% 33 136 -2
452 03 18 349 03 18 388 470 1647 133 11
T 03 37 36 05 37 36.6 +13 46 45 192 -9
2013 20 3 20 34 044 +33 3K 37 91 8
2000 2102 40 210 429 =Sy ey 03 4
QRN . 2200 37 2210 32.0 443 31 45 96 —11
2001 2220 04 22 24 081 +08 0525 106 2
2994 2255 %2 22 35 395 -38 33 28 109 —1
3011 22 A8 48 22 38 207 +64 0238 111 4 ’
e 2
* Lrrorin a. =043,
T Frrorin é: £53". =
7
TABLE 2 4
SOURe WyoMiNg
. Minimum
Angular 1
Diameter M
ORI, Tun tmilii- ;
Numiar IR REIA FRI RTu 1 at N i 1234 105 4 BRI (ko arcsee Remarks .
Calibration Stars
20N — 1y S 008 —0 03 —n 03 —{r 03 —0 03 — 003 —0.03 —0 03 OS50 3 alxrr 3
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case in wlhieh the exciting star s completely extin-
guished by optically thick dust thermosphere,

The sources CRL 2901, CRL 2009 CRL 799, and
CRL 2881 appear to represent an intermediate stage in
the transition from an optically thin te an optically
thick thermosphere, High-resolution 7- 14 g ospectra of
several of these sources (Gillett, private colamunica-
tion) supprest that the grain materiad in their thermo-
spheres may contain silicon carbide.

[t is interesting to note that the color temperatures
of the opticadiy thin thermospheres of CRL 107 (120 K
and CRE 20999 (303 K), deduced by assuming el
shelb aptical depths at 10 and 20 4, are similar 1o the
conl temperiatures ahserved in the lvl\li(‘.||l_\‘ thiek <hels
of CRL 190, CRL 341, and CRL X2

The contirmed sources lie in the dircction of the
Perseus arm and Lave aontean A of ~ 6% 1see g 1
Their madactic Ltitude distrbution is similar to thar of
the disk population giants and planctary nebehae Ao
10730, 11 these obiects He i the Perseus arm at an v
age distiunce of 2 3 kpey they will have an averaee lumt
nosity of 12 1000 The laminositios of pianetary
nebubae and Lite-tvpe Tuminous gants alsa e in s
ranee. Thus, these new infrared stars may be related
to Inminous siants or plnetary nebulae. We sugpest
two alternative possibilities,

a) Cool lominons ¢rants. The new infrared stars may
represent the advanced stages of evolution in cool tuni-
nous disk-population mants, These stars are known to
be tosing nvass at a high rate (Gahrz and Wooit 19710
A evadution procresses, the optical depth of the dust
thermosphiore precduced by the cpecta may eventually
Bevome suthciens 1o extinguish the exciinge star, The
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TABLE 3

Anonyaots CRL Sovyers UNCONFIRMED IN
AW R ) B Box CeNTERED aN CRL PastrioN

Wavelength
at which  Probably Upper
searca was - Linnt to Flux

CRL No.  conducted  an magnitudes
36. ... v 3
05 10 3
TR 10 .5
81 10 N340
RS 10 N> 40.5
s . . S y>423
45 10 N>40.5
106 ... .. 10 N> 403
234 w0 N> 03
244 . 10 NZras
250 . 1t} N> +0.3
3. 10 N>405
6L 10 N> 40.5
RI0% 10 N>+0 5
398 .. ..., 10 N> QS
399 ... ... 10 N2 403
409.. ... 10 N> +05
6. . BT/ NS4S
368 ... ... 10 'S 0 S
EYE S 10 >0
oll ... ... 10 > 4+0.5
620 . ... U N> 408
630 . . 10 N2 +0.5
680*. ... 10 N>4+05
687 . ... .. 10 N> +0.3
7 YO 195 0>-25
T 10 NS +03
785, 10+ N> 405
820 19.5 Q=425
/M0 ... 10 N3 405
2330 - 10 N> 405
ST I 10 N> 408
2006, ... .. 10 N>+4035
3L 10 N> 4+0.5
2760 L 10 Y>+40.3
Q934 ... 10 N> 405
3154, ... 10 N>+40.5

* CRIL 0RO was not detected at 11 by
Walker and Price 1973,

energy of the embedded star will, in the extreme case,
be entirely redistributed to the infrared by thermal re-
radiation from the dust.

b) Pre planetary nebulae.  Allernatively, these sources
could be aclass of dust enshrouded objects which are
evolving into planetary nebulae. Presumably the dust
would have condensed as the outer lavers of the star ex-
panded during the final stages of nuclear burning, As
the hot mner Tavers of the embedded star become ex-
posed, an tonization front would move outward through
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I'16. 3.— Fnergy distributions for CRL sources which appear to
radiate like blackbodies from 2.3 p to 23 4.

the thermosphere, eventually vaporizing much of the
dust and rendering the thermosphere opticaily thin.

The evolutionary status of these objects might be
clarified i the spectral type of the embedded star could
be determined.

We are indebted to FUCOGillett and ] S, Gallagher
for stimulating  discussions concerning  the  nature
of these sources. This work was supported by the Na-
tional Science Foundation, Liquid helium for testing
the photometer was supplied in part by the Office
of Naval Research under contract NOOD14-61-C-0388,
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OBSERVATIONS OF THE HIGULY EVOLVED CARBON STAR CRL 3009
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Department of Physies and Astronomy, University of Wyoming
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ABSTRACT
Large-amplitude infrared light variations are reported for the peculiar infrared star CRL 3099,
High-resolution (A, AN ~ 1000 2.8 L1 um and 7.8-13 wm spectra suggest that CRL 3099 is o carbon
star which 1s highly reddened by a dense circumstellar shelll Small graphite grains apparently are
b primary opacity source for the cironmstellar shell over the b 20w speetrad redion, The orain
tomperature ts ~300 K and the shell optical depth s ~O0.1 ar 10 an We sagzest thas CRL 3099
represents an advanced evolutionary stage which is characterized by the furmation of large amiints
of cool circumstellar dust and by lfarge-amplitude bolometric variations in the central star. Obiects
similar to CRL 3099 may be w signiticant source of intersteikar graphite.

Subject headings: infrared: spectra — stars: carbon

I. INTRODUCTION

Gehrz and Briotta acquired a faint 10 um infrared
source ([10 wm} = +168) with the University of
Minnesota-University of California at San Dicgo (UM
UCSD) L5 minfrared telesenpe on J1) 2,313,082 during
a routine search for the anonvmous infrared <ource
CRL 3099, The =ource was reacquired at {10 g} =
+1.39 on JD 2443.085. Photormetric coordinates for
thissource of (19305 = 2342543 % & 1-and (1030 =
10°37'55” + 153”7 were established by offsetting the
telescope to SAQ 108622,

A subsequent fiteratire scarch revealed that a much
brighter object ({104 gm] = —1.90) had been observed
at the coordinates af 19303 = 239230450 + 1+ and
6(1030) = £ 10738147 + 137 by Lebotsky ef al. (19701,
Jovee et al. {(1977) reported more precise coordi-
nates of a(193) = 23M253450 4 0033 and 401950 =
+10°38°08” + 57 for the Lebofsky of al. source.

Additiona!  observations  during  JI 2443207
2,443,210 by the Wyaming infrared group stugeest that
all of the aforementioned infrared observations were of
a single pointlike infrared source. We conclude that
very large-ampiitude infrared vartations, ranging from
4.7 mag in amplitude at 2.3 g 1o 3 mar inamplitade
at 20 um, have been observed in CRIC 3009, 1he
consequences of these observations are discussed helow,

I, THE OBSERVATTONS

Table 1 and Fignre U summarize alb known infrared
photometric measerements of CRL 30900 Merrill and
Nev communicated their JD 2003033 and 2 113 373
datit to ts prior to publication. The photomieters
telescopes used to obtain the Wyoming photormetry are
indicated in the footnntes 1o Table 1.

UIsiting Astronomer, Kt Peak Nationad Obeervatory, whici
is operated by e Vesacndiom of Uinversitios tor Research in
Astranomn . Ine, ander contract with the Nationad Saenee
Founrdation

t Viatineg Astrononer, PN U OSD Maunt b etomen Intrared
Observatory

Hivh-resolution (A AN ~ 100y 2.8 12 um and 7.8
13 um spectra of CRL 3099 appear in Figsre 20 The
2.8 4.2 um spectra were olnadned by usine the KPNO
“Autophot” InSh svrtemy with the KPNOY 1.3 0 1efe-
scope on JDO 2032080 A Wyoming cirenlar variadle
fifter wheel spectrometer with a Wy
bolometer was used on the L3 m telescope for the JU
2320 TR O1E am o spectrum, The 0.8 13 um spec-
trum was taken about midday, and poor seeing catsed
the relatively Large seatter in the daa,

ont G e

T FARGE-ANMPHIFUDE INFRARLD VARIVITONS
v CRL 30w

We conclivde that the photometsic dat saomariced
in Table 1 demonstrate that CRL 309 1< 0 pomthike
infrared sovrce which varies substantially on a ume
scule of months,

The photometrie positions determined for CRL 3000
by Lebolsky of al. (19704, Jovee ef al (1977 and oor
scives are all consistent, within the quoted experimental
crrors, with the presumption that o single soures was
observed in all casesc Al ebservers (see Tabic 1 e
recorded infrarcd colors for the =ource which are i
reasonable aarectnent with the colors reported for CRLL
3009 he bath the AVCRE AW er aned Price 197310 and
AFGL (Price and Walker 19705 catadozs, Furthermere,
we have searched w07 box centered on the coordinatcs
published by Jovee of ol 1977 0 30100 and 20
toa tux level of ~ 31 AN em7? @ and i
flnl_\‘ i \il\:h' ~oniree to he present at these \\.l\'rh'll!lllx

We have ruled ont the possibilioy thar ORI 3099 40
an appreciabiv estended sotree by comparing it with
the point sonrce 7 Pew at 3008 i and LoS amy, using
beams subtending 227600 11735 and 377 on the sl
These measurerients show that CRE 3099 0< pomtike
to within the otts imposed by atmosphene secing
conditions. Thus, aithongeh the authors quated in Fable
I have tised o vanety of heam <es fanging trom 37 1o
0701t seems anbikely that the disorepant luy devels
have resulted fror e anmnentad oflcot,

—
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CRL 3099

In support of the variability hypothesis, we note
that the collective photometry of observers other than
ourselves suggests a light amplitude of ~2 muye at
5 um. The enornious flux variations from 2 to 20 um
suggested by our JD 2,443,082 and 2,443,085 observa-
tions are among the largest yet reported for an infrared
star.

IV. DISCUSSION

The data suggest that CRL 3099 is a carbon star in
an advanced stage of evolution.

A deep 3.07 um absorption feature (ra,. = 0.9 with
respect to the neighboring continuum}) and a high-

29

contrast 11.5 um SiC emission feature appear in the
spectrum of CRIL 3099 (see i, 20, Mernill and Stein
(19764} have shown that the simultaneous apperriance
of these features is unique to carbon stars. Althoush
some objects exhibit 307 gy water lee absorption, the
CRIL 3099 feature is clearly similar in shiape to the
3.07 um features in other carbon-rich CRL ohjects. We
show the 2 4 um spectra of the carbon-rich CRL
sources 799, 3011, and 482 for compuarison in Figure 2.

Merril] and Stein (1976b) have noted that short-
wavelength  emissiorn from hot  circumstellar dust
(Tguee ~ 100U Ky washes out the 3.07 um absorption

~14 _.
10 YT T Ty T YT TYTTY CrYTTTrTIYITT T T T T T
[ ‘,
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JD244CT00+ 1132 @ ,
1335 ©
1657 ® o ,
2710 O t
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10 r Oy .1
3085 o x g & |
3207 | w4 %o, |
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3375 o . < a i
ALLEN ET AL ,1977 ¢ e i
[ .
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-— x le]
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]
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]
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Fre. 1.—Photometric measurements of CRL 3009 The Wyeoming data for minimum tcht are denoted by open and closed circles. In
formation concerning the repraining data and the plotling sy mbols are summarized in the neure and Table 1
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Fre 20 Tligh resolution (0 AN ~ 100 <pectricof CRL3000 and several CR1 comparison sources are shown. The speetra of ORI 700,
30T and 482 were obtained with the KPNO = Autophot™ TuSh sy=tem on the KPNO 1.3 m telescope in 1973 October Biroad-iand pho
tometey for CRL 3T i< dso ~hown The dashed Bines Tabeled 2000 K, 2500 K, and JO00 K represent the theoretical continua of several

stiars swhich eould produce the observed energy output of CR1 3009, 3

Iso shown are the graphite shell models discussed in § TV of the text.

Fhe normization in £y for the spectra of CRL 799, 3011, and 482 is arbitrary.

feature in carbon stars such as [TRC +10°216, The fact
that the 307 um feture in CRLO3009 is among the
strongrest vet observed dsoat deast partially due 1o the
cond (7 - 300 Ky shell temperature which reduees
~hedi envsston at ~ 4 e Additionally, the constituents
which produce this feature may exist in appreciable
concentrations nuiside the <hel.

Crircunestellar emission fromeaconl shell composzed of
svnallva <002 gy graphite grains provides o physically
re sonabie sonree for the ~ 3.3 to 20 um continuum of
CRIL 3009 Two extreme model s 1o this continuum
e plottad i Figure 20 The first assumes o grdn
temperature, Ty of 480 K oand ashell optical depth of
room X3 a0 S5 umn The <econd assumes 1, == 330 K
and w2 020t 85 gy We assume that the opadity for
soidl vraphite vrains is proportional to X 2 aver the
recton of interest (see Merrill and Stein 19760 Gilnan
19740, Athoveh SiCis in evidence from 1010 12,5 g,
15 a neediable opacity source outside this spectrad
rerion compared with graphite (sce Gilman 19740, For

both graphite shell models, it is seen that the radiation
short of ~3 um is probably dominated by the reddened
stellar continuum,

CRL 3099 dies far out of the galactic plane (8" =
—477) and should be subject to little, if any, interstellar
reddening. Thus we propose that CRL 3099 is a
Seoconn” star in which the observed reddening is
caused almost entirely by a dense circumstethar shell,
Assuming that the entire luminosity of a fuirly “typical”
carhon star (7, ~ 2000 3000 K and L ~ 1 104 [ s
being reradiated by dense graphite shell, the data in
Figure 2 imply an absorption optical depth of 7, ~ 3
at 2.3 um for the graphite shell. This 2.3 um optical
deptl is consistent with the small graphite grain model
with 7., = 330 K and r, = 0.2 at &35 gm. We note
that this model implies ~30 mag of visual evtinction
and ~ 10 mag of extinetion at 1.25 ym. Not surprisingly,
no optical counterpart to CRL 3099 has been reported
and the J — I and J — R colors published by Allen
el al. (1937) are comparable to those they observed in
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other invisible CRIL sources. A sheil radius of ~3 X
108 ¢cm was derived for the above model by using
Gilman’s (19745 Planck mean cross sections for smatl
grains. The 8.3 um 7, of 0.2, combined with Gilman's
(19744) graphite opacities, vields a graphite shell mass
of ~10=3 1. Thus. if the gas in the shell s ~250
times as abundant as carbon by mass (Allen 1973),
the total shell mass is ~3 X 1073 M-,

The observation that CRIL 3099 has a *‘cocoon” of
considerable mass together with long-standing evidence
for large mass loss in late-type stars (see Gehrz and
Woolf 1971) leads us to speculate that CRL 3099
represents an advanced stage of evolution. Although
“cocoon’” stars are often exceedingly young objects,
the extremely high galactic latitude (B! = —47°) of
CRL 3099 places it morphologically among the oldest
stars in the Galaxy. Amusingly, Lebofsky and Ricke
(1977) have recently reported that CRL 3068, which
also ties considerably out of the galactic plane (b'" =
—40°), is a carbon star enshrouded by a dense circum-
stellar shell. This star, too, varies in the infrared,
although with a somewhat smaller amplitude than
CRL 3099.

Although the data at minimum light (JI) 2,443,082
2,443,085) do not yield detailed spectral information,
the 3-13 um continuum can he modeled by a small-
grain graphite shell with T, ~ 300 K and 7, ~ 0.2 at
85 um. The 20 um point lies above this continuum,
suggesting that some reasonable fraction of the shell
luminosity may lie at long wavelengths at minimum
light. A straightforward integration of the 2-20 um
flux as a function of time implies a bolometric variation
in the luminous flux of a factor of 30. Even allowing for
the possibility that a significant amount of cnergy may
appear at wavelengths longer than 20 um during
minimum light, it iz difficult to excape the conclusion
that CRL 3099 is undergoing enormous bolometric
changes. Extreme Mira variables are known to vary
bolometrically by only a factor of 2§ (Strecker 1973).

The time scale of months for the vartation suggests

3

pulsations of w relatively high density region (p ~
1077 ¢ em™) such as the photasp.bere of the embedded
star. W therefore presume that the infrared variations
represent changes in the huminous owrput of the central
star which are mirrored by the thermal emission of the
surrounding “coconn.” It is possible that the star in
CRL 3099 undergoes large-amplitude  photospheric
pulsations characterized by the mechanical deposition
of large amounts of energy. These pulsations could
drive Large amounts of material into a dust-production
zone, giving rise to the dense “coconn.” I we arvue
that CRL 3099 is radiatively extinzuished for ~107 5,
~10% ¢rgs must be stored mechanically. This could be
accomplished by ionizing ~0.08 . in hvdrogen,
which would represent only a small fraction of the
mass of a typical carbon star.

In summary, we propose thut CRL 3099 represents
an advanced stage of carbon star evolution in which
instability against large-amplitude pnisations enhances
circumstellar dust formuation and produces very laree-
amplitude bolometric variations. Because small vraph-
ite grains are extremely efficient absorbers of short-
wavelength radiation, carbon stars similar to CRL 3099
will be virtually invisible ta optical telescopes. We
suggest that future far-infrared studies iy revead
large numbers of objects ke CRL 3099 and that mass
loss from these objects could be w mujor source of
interstellar graphite.

We thank K. M. Merrill and E. P Nev for providing
us with both insight concerning the physical nature of
CRL 3099 and infrared photometey of it Ko DetGioia,
D. McClain, and L. R, Shaw assisted with the observa-
tions, . Sneden provided helptul convientss This
rescarch was supported by the US \ir Force Geo-
physical Laboratories under Air Force contract F1962R.
70-C-0271 and by the National Seience Foundation,
Liquid helium for testing the photometers was provided,
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a
| i ABSTRACT
}, Infrared and visual observations suggest that AFGL 2636 is

] a region of star formation that is similar to the 8] - BNKL complex
2 .i in the Orion Nebula. The geometrical position of AFGL 2636 within
i the Cygnus-X region may be an important clue to the processes
) which precipitated its formation.
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-~ I. Introduction
' Price and Walker {1976) reported the discovery of a bright
- 20y infrared source at the position 6(1950) = 20"40™42% + 14° and
a(1950) = +42°46' .7+1.5 which they designated GL2636 in their catalog.

: k Gosnell, Hudson, and Puetter (1979) and K. M. Merrill (unpublished)
subsequently verified the source and speculated that it was multiple
i because of their observation that the 2u and 20u emission peaks
were slightly displaced.
We have recently used a small beam infrared photometer on the

Wyoming Infrared Telescope to produce a set of isophotal maps of GL-

2636 which confirm the presence of several point-like sources em- j
bedded in a small cool nebula. OCur maps, together with additional
infrared and visual data reported herein, suggest that GLZ63C may

be similar o the d]-BHKL conplex in 142,




II. The Infrared Observation

Isophotal maps of GL2636 were produced at effective wavelenging
of 3.6, 4.9u, 10 (N band)u, and 19.5(Q band)y using a Wyoming
Multifilter bolometer equipped with a 4.5"diameter circular beam

(3.74x 10710 5

r) at the Cassegrain focus of the 234 cm telescope
of the Wyoming Infrared Observatory. The beams were thrown 22"
between centers in declination to insure that the reference becan
was always on blank sky. Gehrz, Hackwell and Jones {1974) haue
described the Wyoming photometric system.

Our maps, shown in Figures la)-d) reveal the presence of two
point-1ike sources, which we have designated IRS1 and IRSZ,
embedded in a small cool nebula about 20" in diameter.

A variety »f photonetric and spoctrophlotometric measuremnents
made to study the caracteristics of the GL2636 complex are
described in Table 1 and figures 2 and 2. T7T::x1: 1 presents
braodband 1.25-19.5. measurements of the sources IRSi, IRSI and
a B1-2Ia supergiant that lies 15"S +1" and 15" E + 1" of [RS).
Columns 3, 4, and 5 indicate the photometer, telescope, and
beam size for each measurement.

The 27 resolution Z2-4p spectrum shown in Figure 3 and first
reported by Gosnell, Hudson and Puetter (1979), was produced u-ing
the UM-UCZD InSh system with a 17" beam on the UM-LCSD Mt. Lewrin
152 cm infrared telescope. The beaw was centeved on the GL2636
I®5% source.  Although the beam was quite large, comparison of tne

2. spectrum with broadband 2.3 and 3.6, photometry of RS suunest-

>

that contamisation fromw alner owracs s Lo Gl 2A00 compios and
the nebula was less toan ¢y o e therefore conclude that the o0, ¢
shown in iiaqure 3 15 reoresentative of [R9).

35 2
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II1. Visual Observation of the B Supergiant

Spectra of the B supergiant associated with AFGL2636 were
taken with the "gold" spectrograph, scanning plateholder and RCA
A\ three-stage image tube on the 4-meter telescope at Kitt Peak National
Observatory. At a dispersion of 79 R/mm absorption lines of
hydrogen and Hel, are seen and two OIl A4320-4350 feature near H:
may be present. The interstellar 14430 feature is strong and there
are no emission lines in the spectrum. On the basis of its spectral
1 characteristics and by comparison with galactic standards, the
approximate spectral type of the B supergiant is B1-B21I.
A red to near-infrared spectrum obtained with the specirograph
and extended-red S25 image tube of the 0'Brien 30-incn telescope
shows the Paschen series of hydrogen in absorption and weak emission

at Hoand [NIT] 316548 and 6503, This emission most likely arises

\ from the backaround HII region.

UBVR photometyy {See Table 1) ftor tnis star was obtained using

» |

the Mark [ "computor” photenieter and a RCA Ga-AS 31034 phortotube on

the Sd-inch (2.1 meter) telescope at KPNO. :

e e

e Bosapeenaint associated woch AFGL2636, appears fuzzy

it oelongatedt o the Shy Survey blueprint and it mav either be more

ety T S e aurrodnded hy H(}bU]OSitj/.

oo enc oty can be combined with the spectral type
Coeed e and fistanee to o the B osuperaiant. The

’ o oot oY a correspanding to oa visual extinction

Y L

e

tre cadibration by Walborn {10 72) ;

fy e : Y - , o
4 B1-R2 superaiant is M o= 250 tn 27,0 leading
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f’ in the direction of the Cygnus spiral feature where reddening is
b

to a distance range of 3.7 to 7.6 kpc. However, this object is

high. Very few spiral tracers are observed more than 2 or 3 kpc

from the sun in this direction. Thercfore a distance of 7 kpc

seems rather high. It is also possible that the UBVR photometry is

e e

contaminated somewhat by emission from the NII region so that the

colors are too blue. Thus, the visual extinction is probably

1 larger than 6 mag and the distance smaller. Consequently, 4 kpc
seems a reasonable upper limit to the distance of AFGL2636. Wendker
(197Q0) ras established a lower 1imit to the distance to G32.6 + 0.4

of 2 kpc. We assume a distance of GL2635 of 4 kpc in the discussion

that follows.




Positions of the GLZ636 Infrared Sources
Photunetric positions of the infrared sources in the GLZ636
compiex were measured using the Wyoming infrared photometer with

a 4.5" beam on the YWyciniing Infrared Telesccpe. Errors in these
positions, which are given in Table 2, are estimated to be + 1".
Included in Table 2 are the position. o7 GLIb26 as given by Price
and Walker (1976), the 26585 [Hz continuu source G82.6+0.4 (Wendke.,
1970), and the luminous B supergiant lying 15" + 1" south and 15"

+ 1" east of GL2636 IRSI.

We conclude on the basis of the errors associated with these
positional measurements that GLZ636 is in fTact composed of the IRSI-
IRS2 complex and its surrounding nebulae and that G32.6 +0.4 is
associated with GL2636.

This presumpticn is strencthened by the tac. that the inenrated
200 flu feom the nebula shown in figure 1d s 220 jy. Price
and waleor (10765 veport the 20 flux fron GL2025 as 360 + 100 jy.
[t is evident from the data presented in Table 1 that the B super-
giant contributes negligibly to the 2.3-10, flux from the GL2636

complex.
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V. Discussion

The new infrared observations suuagest that the GL2636 complex
may be a region of active star formation similar in nature to the
]-BNKL complex in the Qrion nebula but embedded in a more extengive
region of obscuring gas and dust.

Both optical and vradio observations piace GLZ636 within the
HII region G82.6 + 0.4 lying at the Northeastern edge of the
Cygnus-X region (see Kleinmann et al., 1979). Our coordinates for
IRST, IRS2, and the B supergiant are, within the observational
errors quoted in Table 2, consistent with the position of Gi2.5 + 0.&
given by Wendker (1970). Wendker (1970) and Terzian and Parrish
(1973) have concluded that G32.6 + 0.4 is a compact HII region based
upon the fact that the 9.5mm and 1Tcm radio observation are consistent
wWwith thermal bremsstrahlung from an optically thin plasma and beceus:
a knot of visible Hu émission is coincident with th» radio source
\.ee Dickal, Wendker, and Beintz, 1969).

Wendker (1970) and Terzian and Parvish (1273) noted that no
early type exciting stars were known tu be coincident with or near
G82.6 + 0.4 and the other resolved Cygnus-X radio sources.

Wendker suggested that the exciting stars might escape detection
if they were in very young HIL reqions and therefore still hidden
in the surrounding dust. In addition, he noted that becuare

generally high absoprtion values occur in Cyanus-X, searches for

Tuminous «<arly type stars require deep wagnitude Vimits,

e TE R S

PPW G



We concliude that the Bl-2la supergiant, IRST, and possibly

‘ (82 are Tumintous younyg stars which are providing the ionizing flux
i
] for the GiZ2.6 + 0.4 HIL region. Assuming a distance of 4 kpc for

tne star (see Section [11), the dereddened energy distribution

3 t snown in Ficure 2 yields a luminosity of -5 x ]O4LO. Campbell
o {1979} has neasured a flux of 500 jy from GL2636 at 100..
’

Presumably this data point refers primarily to IRS2 and the surrounding
nebulosity and leads to the conclusion that the energy from the

j GLco3o conpiex is radiated primarily at a color temperature of

357 {Zee Tiguare 2). If GL2637 also lies at 4 kpc, it can be

seen from Figure 2 that its luminosity is comparable to that of

the B supergiant (~5 x 1O4LO). The infrared spectrum of IRST,

shows evidence of a deep 10y silicate absorption feature and is
very similar to that of the BN ohject in Orion (see Gillett and

Forest, 1972). The cool spectrum of IRS2 is similar to that of the

\ KL nebula in which BN is embedded. IRSY may well be a luminous
young star that 1s heating a knot of dust at the position of IRS2
as well as an extended regicn of low density dusi which defines
the GL2636 nebula. In addition there could be an additional
Tuminous newly formed star at the position of IRS2.

Presumably the B supergiant is more evolved and has cissipated

much of the gas and dust from its protocloud as have the O] stars
in Orion.  The [3.6] - [11.4] color of the superqiant is 1.1 maq
| suguesting that little, if any dust remains around it. The stars
in the GL2626 nobula are more recently formed and, as in the cace

st the Bl object in Orion, are still ewbhodded in a dense cust coc on.

Althoush the 2= spectrum of IRST shows no eviidence of the #,0

“




ice absorption line at 3.05u that is obsarved in the BN objoct,

a 3.3u emission feature is present. This unidentified feature has
been observed in the spectra of objects associated with ionized

gas (see Merrill et al., 1975). The ice absorption and 2.3. feature
may be characteristic of rather Timited evolutionary phases and

this subtle difference between the IRST and BN spectra may simply
indicate a difference in age. Alternatively, the 3.3p emission could
result from contamination of the IRSI spectrum by the emission from
the surrounding HII region in the large 17" spectrometer beam.

The 3.3u feature has been observed in the shock front south of

the e] nebula in M42 (Jones, 1978).

We close with a comment about the rposition of GL2636 within
the Cygnus-X region. As is evident from Figura 4 in Kleinmann ot
al. (1979), GL2636 and all the other ancnymous AFGL sources in
the Cygnus-X region are associated with Hedken's (1270) resolved
11 ¢m HII regions which presumably represent local density en-

hancements in the interstellar medium. If the distunce ‘o GL26%

is as low as 2 kpc, it is close enough to have beon affected by
the shock front from Cyqni Supernova. Un the othor hand, if the
distance to GL25356 is as great as 4-0 kpc. it will 1ie on the
inner edge of the Perseus arm. If this is tho cane it may be o
region of star formation that was (rngrored by the passace of o
spiral density wave. Thus, a more accurate determination of thin
distance to GL2636 may aliow us to identify the pnyaical procenses

wnich triacered its formation.
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Notes to Table 1

UM-UCSD InSb photometer (See Gosnell, Hudson and Pueter, 1979
for a description.)

UM multifilter bolometer {See Gallagher and MNey, 1976 for
details).

UW multifilter bolometer {(See Gehrz, Hackwell, and Jones, 1974
for details concern{ng the effective bandpasses and calibration).
UM-UCSD Mt. Lemmon Infrared Observatory 152cm telescope.
Lick Observatory 305c¢cm telescope.

Wyoming Infrared Observatory 234cm telescope.

This supergiant is 15" + S and 15" + 1"E of AFGLZ836, IRSI.




Source
GL2636

G32.6 + 0.4
IRS1

IRS2

B Supergiant

Table 11: Positions of Sources Associated ,

With GL 2630

«(1950) §(1950)
20M0M425+145 +42°46" 42" +90"
20130™545+6 +62°47100"+50"

20M40M27%.32 +.00%  +42°45'58" 841"
20M0M465 . 64+.095  +42°45'55" . 3+1"
20h40m485-68i095 +42045,46”-3t]”

Notes

Price and Yalker 1976
Wendker, 1970

Wyoming Photomeotic Pooition
Wyoming Photometic Position
Wyoming Photometic Pusition
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Figure Captions

Figure 1: Figures laj-d) show isphotal contours of the

infrared radiation from AFGL 2636 at effective wave-
" lengths of 3.6u, 4.9 1, 10;.(N band), and 19.5u(Q band).
The maps were made using a Wyoming multifilter infrared
photometer (see Gehrz, Hackwell, and Jones, 1974) with
a 4.5" diameter beam (3.74 x 107 °sr) on the 234 cm
'j Jyoming infuared Telescope. The beams were thorwn 33"
betwcen centers. Contours are in units of 107 M-cin™
-1 =sr . The point like sources IQS] and IRS2
are S oart. The 120 Loan s 2.64/0 in dianeter at
19.5.: on the 234cm telescope.

Figure 2: Broadband photomctric measuyenents of the infrared

sources associated with AFGe 26356. The wjority of the
infrared radiation fros ATGL 2636 is seen to be emittel
at a colur temperaturs of “L57K and is mainly associated
with the source IRS2. Both IRSY and IRS2 show the 1C.
sitlicate absorption feature and the broacdhand 1.25.: -2C.

snergy distribution of IRS) resembles that of the BN

. object in Orion. The luminosity of the Bl-Zla superdaant

,

15" adn 150 of IRST, which has been dereddened usina

i

Ay Uomag (uechroys o 1279 95 comparabile

‘ to the Tuminosity of the IRST-IRSZ comnlex.

ca oy Ak g
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a Figure 3: The 2-4:.. 2%, resclution spectrum of A GL 2636 rade
‘ by Gosnell et al, {(1979) with a 17" beam i< shown Corparesd
" to 2.3 and 3.6 broadband measurements of IPST with 2
_‘ 4.5" beamr. The comparison sugqests that the narrow
! | | band spectrum refers mainly to IRS! with minimal contamiia: on

from other sources in the vicinity. Merrill et al. 1275
originally discovered the unidentified 3.35: emission

' ‘j feature in the planetary nebula NGC 70727.
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